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Introduction
In the United States today, over 12% of the population is over the age 
of 65, and it is estimated that this percentage will increase to nearly 
20% by the year 2030.  Although advances in medicine and better 
nutrition have led to an increase in longevity, the growing population of 
older Americans remain a subpopulation with potential for greater 
susceptibility to adverse health effects from exposure to environmental 
pollutants.  This project is being conducted under the auspices of the 
U.S. EPA’s Aging Initiative, which was launched in 2002 to help guide 
research efforts to protect the health of older adults.

Research goals
• To improve pharmacokinetic models of the aged by incorporating 
transcript profile information on the differences between young and old 
populations for xenobiotic metabolism gene expression 
• To predict classes of chemicals to which the aged are particularly 
sensitive 
• To provide scientific support for risk assessments that consider 
susceptible subpopulations Principal Component Analysis (PCA)
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Materials and methods
This project was designed to examine the changes in 
XMEs during the aging process in male Fisher rats (6, 
11, 18, 24 months of age). Tissues were selected based 
on minimal histopathology. In a parallel study, we also 
looked at changes in male Brown Norway rats (4, 12, 24 
months of age). Total RNA was isolated from rat livers 
according to the TRIzol RNA extraction protocol 
(Invitrogen) followed by RNeasy Mini Kit (QIAGEN). 
RNA quality was assessed using a bioanalyzer (Agilent), 
and RNA quantity was determined using Nanodrop. 
Total RNA (5 µg) was labeled using the Affymetrix®
One-Cycle cDNA Synthesis protocol and hybridized to 
Affymetrix® Rat 230 2.0 arrays as described by the 
manufacturer. 
Four Fisher rats and three Brown Norway rats per age 
group were profiled. 

Differentially expressed genes- 24 versus 6 month: 
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• Phase I (mainly monooxygenases) convert hydrophobic chemicals into 
hydrophilic chemicals 
• Phase II (UGTs, SULTs, GSTs, NATs) further convert these products 
into amphiphilic anionic conjugates 
• Phase III (transporters) export products out of the hepatocyte

qPCR and microarray gene expression (age vs. fold change): 
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Hypothesis
Pharmacokinetic models will likely be more biologically realistic changes 
in key xenobiotic metabolizing enzymes (XMEs) under a broad range of 
conditions or ages could be incorporated

Comparison to Brown Norway rats
To account for differences in aging survival rates, we compared 
24 month old Brown Norway rats to 18 month old Fisher rats. 

Differentially expressed genes (DEG) were identified 
using the following algorithm:

Background correction (MAS5.0)

Quantile normalization (RMA)

Perfect match adjustment (MAS5.0)

Median polish (RMA) 

LOESS normalization

Cyber T statistics 

Fold change of 1.5 and p-value ≤ 0.05 was used as 
cutoff. 
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Conclusions
These data suggest an age-dependent change in XME gene 
expression in male Fisher rats. This includes genes regulated 
by AhR (CYP1A), CAR and PXR (CYP2 and CYP3). Gene 
expression data shows differences in metabolism and 
elimination between young and old animals. By comparing this 
Fisher rat dataset to a Brown Norway rat dataset, we have 
identified common changes in XMEs during aging across 
strains. Our results can be used to make predictions on 
susceptibility to environmental chemicals in the aging 
population based on known interactions between chemicals 
and the altered XMEs. The next step is to integrate XME gene 
expression behavior in PBPK models of different life stages 
that help to predict toxicity in different subpopulations. 
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qRT-PCR using Taqman® probes was performed to 
confirm altered expression. 9 genes were used to 
confirm microarray results. Fluorescence was 
measured using the ABI PRISM® 7700 Sequence 
Detection System.

• There is a clear separation between 24 month old 
animals and younger animals.
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Abstract
Detoxification and elimination of xenobiotics is a major function of the liver and is important in 
maintaining the metabolic homeostasis of the organism. The degree to which aging affects hepatic 
metabolism is not known. The expression of XMEs, in part, determines the fate of the xenobiotic and 
whether exposure will result in toxicity. Gene expression profiles for XMEs in male Fisher rats (6, 11, 
18, 24 months of age) were generated using Affymetrix Rat 230 2.0 arrays. Principal component 
analysis showed a clear age-dependent separation in expression profiles between 6 and 24 month 
hepatic transcripts. Differentially expressed genes (DEG) were identified using the following algorithm: 
background correction was performed using MAS5.0 followed by a quantile normalization, perfect 
match adjustment, median polish, LOESS normalization and Cyber T statistics. 1135 genes were found 
to be significantly altered in a 24 versus 6 month comparison, and 155 genes were significantly altered 
in a 18 versus 6 month comparison. No significant gene changes were observed between 11 and 6 
month old rats. In the 24 versus 6 month comparison, we found 21 phase I, 23 phase II, and 45 phase 
III metabolism genes significantly altered. In the 18 versus 6 month comparison, we found 7 phase I, 6 
phase II, and  27 phase III metabolism genes significantly altered. qRT-PCR was performed to confirm 
altered expression. These data confirm an age-dependent change in XME gene expression in male 
Fisher rats. This information can be used to adapt pharmacokinetic models to reflect age-dependent 
differences in xenobiotic metabolism. 
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